Aside from the work of Amsler,1 there is little experimental evidence to show that morphine has a direct depressant action on the cerebral cortex. With reservations, the EEG may be used to indicate whether or not a drug acts on this structure. However, since the electrical activity of the cortex is intimately related to that of the thalamus,12 the striatum,2 and the hypothalamus,25 changes in the EEG do not necessarily indicate that the drug has a direct cortical action. Nevertheless, some information may be gained by comparing the effects of morphine on the electrical activity of the cortex with those of other drugs such as the barbiturates, concerning the sites of action of which more facts are known. In the experiments reported here, the action of morphine is compared to that of pentobarbital.
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in two subjects, a decrease in amplitude and disappearance of waves; on the other hand, after intravenous injection of morphine Gibbs, Gibbs, and Lennox17' 21 noted flatter waves with bursts of high potentials of 10 per second frequency. Gibbs and Maltby"8 found a shift in frequency to the slow side comparable to that occurring in sleep. Andrews2' I observed a sleep pattern in one case although the subject was awake, and in two others he noted no appreciable effect on the cortical potentials except for a questionable increase in the blocking time of the alpha rhythm.
In studying the effects of morphine on the EEG for the purpose of gaining information concerning the action of a drug, animal experimentation affords certain advantages over human observation because the former permits the study of the effects of doses anoxia. Reports of such animal experiments have been few and inconsistent. Changes (details not given) were noted in the EEG after administration of morphine to rabbits7 14 and to dogs and cats."4
The rat was selected for this study since its reactions to morphine are well known and uniform.'0' 13 19 However, one drawback in the use of this animal is its extreme restlessness which renders it difficult to obtain control pre-injection records. To obviate this difficulty, a holder modeled after the Horsley-Clarke apparatus (as modified for the rat by Dr. J. Brobeck) was constructed to immobilize the animal (Fig. 1) . While the record of cortical electrical activity thus obtained was not a "normal" one, it at least is closer to an ideal approximation than one obtainable after the animal has been anesthetized. Furthermore, by this method, one can study the effects of morphine alone without complicating the results by introducing another drug.
Methods
Twenty-one adult white rats, weighing from 150 to 300 grams, were used. Some were prepared under ether anesthesia and while anesthetized, were placed in the holder. The extremities were tied to the base of the holder by ligatures. The scalp was cut away, the calvarium exposed, and two drill holes were made extending down to the dura 5 mm. to either side of the midline in the region of the central sulcus. Brain potentials were led off from the dura by two shielded chlorided silver wires and recorded by a 3-channel capacity-coupled Grass ink-writing amplifier in push-pull arrangement. Records were taken after full recovery from the anesthesia and after injection of morphine sulfate and other drugs. In a few experiments the trachea was cannulated in order to allow artificial respiration.
Results
Small doses of morphine (under 20 mg. per kg.) had little effect on the electrical activity of the cortex, although sedation was dearly evident. With larger doses (20 to 50 mg. per kg.) the sequence of events was as shown in Fig. 2 (Fig. 2F, Fig. 4 ).
For purposes of comparison, a typical experiment with pentobarbital alone is shown (Fig. 3) . Like morphine, small doses have little effect on the EEG although sedation is marked. Moderate doses produce periodic bursts of 20 per second waves of moderate amplitude although these are not nearly so prominent as after morphine. Larger doses cause decrease in amplitude but little change in frequency, whereas very large doses obliterate the cortical rhythm. A striking phenomenon is the appearance of irregular "spike" potentials during deep barbiturate anesthesia. Discussion
The changes produced by morphine on the electrical activity of the cortex do not appear to be specific in any way. Sedative doses (20 mg. per kg.) produce only small changes. With larger doses, the alterations are strikingly similar to those seen in various stages of sleep in man.", 16, 22 The non-specificity of the effects of morphine on the EEG is further illustrated by the absence of any significant effect of subconvulsive doses of morphine in the cat2" which is not put to sleep by morphine. However, the rat, at least in the earliest stages coincident with the appearance of prominent "burst activity," was not asleep since it had to be retained in the holder to obtain satisfactory records. Such "sleep waves" without actual sleep were noted by Andrews2 in one of three human subjects after morphine. Recently Gibbs and Maltby"8 also reported "sleep waves" after injection of small doses of morphine. Accentuation of "burst activity" similar to that described above was noted by Morison and 
